The title journey is undertaken at the levels of both theory and experiment. Since 1983, homoaromaticity has been shown to play at most a minor role in the stability of Scott's [N]pericyclyne hydrocarbons-the first ring carbo-mers of cycloalkanes. This statement has been systematically refined for N = 3-6 by using both classical theoretical tools and newly designed tools based on electron localization function (ELF) analysis. The compatibility of the [5]-and [6]-pericyclyne cores with vertex functionalities was established by the synthesis of 20 oxy (carbo-cyclitol) derivatives. The stereoisomeric resolution of two of them has been achieved. pericyclynes are actually potential precursors of the carbo-benzenes. Criteria based on density functional theory (DFT) calculations (magnetic, energetic, structural/"electronic") show that the aromaticity of carbo- [N]annulenic species is comparable to that of their parent molecule. This has been challenged by the synthesis of several novel carbo-benzenic molecules with various substitution patterns. The theory-experiment interplay is pursued by considering ring carbo-mers of other conjugated ring systems such as radialenes. The second carbo-mers (butadiyndiyl-expanded rings) of [3]radialene and benzene are also envisioned. Hexaphenyl-carbo 2 -benzene has been observed by 1 H NMR and UV-vis spectroscopy.
INTRODUCTION
Scientific activity takes place at three levels: the appraisal of phenomena, the translation of them into concepts, and the endeavor of bringing the latter into consistent theoretical frames through explicit quantitative definitions. Some of these concepts are "narrow" in their scope, and others are "wide". Among open challenges in chemistry, narrow concepts can be illustrated by the Kohn-Hohenberg universal functional [1] , whereas wide concepts can be exemplified by the notion of atoms inside molecules and atomic charges [2] , molecular chirality [3] , and, of course, aromaticity [4] . Just like its companions, aromaticity is still a fuzzy concept and should remain so forever. Its fuzziness is indeed intrinsic for historical reasons, and the associated "mystery" is the intellectual driving force of the search for concealed correlations between aromaticity criteria. In an attempt to clarify various notions evoked within the framework of the aromaticity theory, a synoptic rationale is proposed in Table 1 . Katritsky's principal component analysis (PCA) [5] first proposed a dichotomy of the aromaticity con-homo-conjugated carbo-meric precursor (e.g., [N]pericyclynes) with the corresponding saturated parent molecules (e.g., N-membered cycloalkanes) is a prerequisite. The possibility of π-homoaromaticity in pericyclynes does not exist in the parent cycloalkanes, and it has been proven that homoaromaticity has no incidence on the stability of the nonfunctional [5] pericyclynes C 15 H 10 [13] . The first task was, therefore, to investigate the compatibility of oxy substituents with the pericyclynic rings. This was undertaken at both experimental and theoretical levels.
RING CARBO-MERS OF CYCLOALKANES: [N]PERICYCLYNES
The term "pericyclyne" was coined by Scott et al. in the mid-1980s as they reported on the synthesis of the first permethylated representatives, which turned out to be remarkably stable [14] . Unsubstituted [5] pericyclyne was later calculated to be planar at the B3LYP/6-31G* level, but it was shown to be not homoaromatic on the basis of classical aromaticity criteria [13] . At a comparable level of calculation, we performed the ELF analysis of [N] pericyclynes, N = 3-6 to weight the localized and cyclically delocalized Lewis forms (Fig. 1) . Electron homodelocalization was found negligible for the higher members of the series, but it reaches 8 % in [3] pericyclyne [15] .
Functional pericyclynes
More than 20 N-oxy- [N] pericyclynes (N = 5, 6) have been synthesized in 7-20 steps via various [(3N-n)+n] ring formation steps consisting in a double nucleophilic attack of a (3N-n)-carbon ω-diacetylide to a n-carbon ω-dicarbonyl alkyne (Fig. 2) [16, 17] . These molecules can be regarded as derivatives of carbo- [N] cyclitols (N = 5,6), for which many substitution patterns have been exemplified: the vertices can be sp 3 -secondary (C(H)OR, R = H, Me), sp 3 -tertiary (C(R')OR, R' = Ph, 4-An, 4-py, C≡C-SiR" 3 ), sp 3 -masked carbonyls (ketal), sp 2 -carbonyls, or sp 3 -heteroatomic (P(O)Ph, SiPh 2 ). Most of them were obtained as mixtures of stereoisomers. Nevertheless, the most symmetrical representatives could be resolved through semipreparative high-performance liquid chromatography (HPLC) or spontaneous crystallization.
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Ring carbo-mers 793 For example, pentaphenyl-carbo- [5] cyclitol pentamethyl ether 1a was prepared in two steps from a statistical mixture of the three stereoisomers of tetrayne 3 (Fig. 3) [16]. The intermediate diol 1b displayed the expected number (26) of methoxy 1 H NMR signals for a mixture of the 10 possible diastereoisomers. After increasing the symmetry by methylation, the pentaether 1a displayed the expected number (10) of methoxy 1 H NMR signals for a mixture of the four possible diastereoisomers. Starting from the major stereoisomer of 3 (resolved by semipreparative HPLC), the expected remaining 3 stereoisomers of 1a were statistically obtained in an oily mixture. Semipreparative HPLC allowed for isolating single stereoisomers of 1a as white crystalline solids (Fig. 3) . Since monocrystals of these compounds were not suitable for X-ray diffraction analysis, the corresponding unsubstituted carbo- [5] cyclitols were calculated at the B3PW91/6-31G** level of theory. The optimized structures are slightly twisted, and the endocyclic bond lengths do not exhibit significant difference as compared to those found in the density functional theory (DFT)-optimized or X-ray crystal structures of nonfunctional Scott's [5] pericyclynes [14] . These results show that oxy substituents are fully compatible with the features of the "naked" [5] pericyclyne core. In the [6] pericyclyne series, the hexamethylether of hexaethynyl-carbo- [6] cyclitol (2e) was recently prepared. A single stereoisomer of 2e was isolated by spontaneous crystallization, for which an X-ray diffraction analysis revealed a chair structure of D 3d symmetry, where the ethynyl substituents occupy axial positions, while the methoxy substituents occupy equatorial positions (Fig. 4) [18] .
Carbo-benzenes
Mixtures of stereoisomeric functional hexaoxy- [6] pericyclynes were treated with the reducing SnCl 2 /HCl system. Though poorly selective, the reaction afforded several carbo-benzene derivatives in 5-20 % yield (Fig. 5) [19] . Hexaphenyl-carbo-benzene, C 18 Ph 6 (4), previously prepared by Ueda, Kuwatani et al. in 15 steps [20] , was thus obtained in 10 steps through either precursors 2a or 2b [19] . Another hexaaryl-carbo-benzene, the p-(pyridyl, anisyl)-disubstituted tetraphenyl-carbo-benzene 5, was obtained from the totally disymmetric [6] pericyclyne 2h. It has been characterized by mass spectrometry (MALDI-TOF: [M-H]+ = 709.9) and UV-vis spectroscopy [λ max = 476 nm (ε = 16 300), 522 nm (sh, ε = 4900)] [19] . This push-pull chromophore was also investigated for its possible second- Tetraphenyl-carbo-benzene, C 18 Ph 4 H 2 (6) without substituent in ortho positions and with reduced potential radial conjugation, was isolated from 2c under controlled conditions: Its stability, 1 H NMR spectrum, and X-ray crystal structure (Fig. 6 ) confirm its theoretically predicted aromaticity [19] . A very good agreement was indeed found between the experimental and calculated structures (B3PW91/6-31G** level) of 6 [23] . Tilting of the phenyl substituents with respect to the carbo-benzenic ring originates from van der Waals repulsions between phenyl o-H atoms. Similarly, the experimental and calculated 1 H NMR spectra are in qualitative agreement. These results show that the selected DFT level of calculation (based on a hybrid functional) is well suited for this family of compounds. The D 6h symmetry of the C 18 ring, and (within the recognized limits of significance) the large negative NICS value calculated at its geometric center (-14.8 ppm at the B3LYP/6-31+G** level) are indicative of structural aromaticity and magnetic aromaticity, respectively.
The para isomer 7 of tetraphenyl-carbo-benzene, as well as the p-diethynyl-tetraphenyl-carbobenzene 8 (Fig. 5) could not be isolated in the pure state, but their 1 H NMR spectra, identified through chemical and theoretical correlations, revealed a strong ring current effect on the corresponding exter- nal protons. By contrast, the trimethylsilyl (TMS)-protected version of 8 (9) was obtained by aromatization of 2g and fully characterized, including by its X-ray crystal structure (Fig. 6 ) [19] . Very recently, the hexa(triethylsilylethynyl)-carbo-benzene 10, without any aromatic substituent, also proved to be stable: It is a protected version of the total carbo-mer of benzene C 18 (C≡CH) 6 [18] .
In Table 2 , the aromaticity of various carbo-benzene derivatives is compared through calculated structural (d av , σ(d)) and magnetic (NICS(0)) indices. Both criteria indicate that aromaticity decreases upon substitution of the C 18 ring by phenyl or ethynyl groups. Comparison of the experimental 1 H chemical shifts of the external protons of 4 and 6 confirms this trend: the effect of the ring current is indeed slightly weaker in the hexaphenyl derivative (4) than in the tetraphenyl one (6). The carbo-meric comparison of the aromaticity of benzene and carbo-benzene is now envisioned through the following three criteria.
•
Relative magnetic aromaticity of benzene and carbo-benzene. Experimental (magnetic deshielding of peripheral protons), and calculated (NICS) indices clearly indicate that the carbo-benzene ring is magnetically more aromatic than benzene (Table 2 ). Ring current analysis by Fowler et al. at the CTOCD-DZ-CHF/6-31G** level also revealed strong total (σ+π) and π diamagnetic circulations, confirming the strong magnetic aromaticity of carbo-benzene [24] .
Relative structural aromaticity of benzene and carbo-benzene. The available structural indices d av and σ(d) cannot be directly compared for benzene and carbo-benzene. A suitable general measure was therefore required. . As proposed in the introduction, electron density is at the origin of static structural aromaticity, and ELF is a priori a relevant analytic tool (Table 1) . Recently, a new aromaticity scale, based on the separation of the ELF into σ and π contributions, was introduced by Santos et al. [25] . The partial ELF (σ or π) value for which the separation of the localization domains of the fully unsaturated ring occurs, is chosen as the (σ or π) aromaticity index. Benzene
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Ring carbo-mers 797 (ELF π = 0.91) lies quite high in this aromaticity scale ranging from zero to one (ELF π ≈ 1.00 is attained for the cyclopropenyl cation). Carbo-benzene, with ELF πz = 0.86, appears to be slightly less aromatic than its parent molecule (Fig. 7) . Thus, while carbo-benzene is magnetically more aromatic than benzene, the converse holds for structural aromaticity.
•
Relative energetic aromaticity of benzene and carbo-benzene. Several indices of energetic aromaticity such as REs or ASEs have been defined in the literature for benzene (containing sp 2 carbons only) [4] . These schemes were generalized to carbo-benzene (containing both sp 2 and sp carbons) [23] .
The Dewar-Mulliken-Parr RE [26] compares the aromatic molecule with one of its Kekulè form at the same level of calculation. It therefore estimates the stabilization resulting from the (cyclic) electron delocalization. Two sets of values, calculated at the B3PW91/6-31G** level, are given in Fig. 8 for benzene and its ring carbo-mer. They correspond to different approximations for the fictitious Kekulè form of D 3h symmetry with the same cyclic conjugation potential as in the real ring of D 6h symmetry. For example, in the case of benzene, the lengths of the double and single C-C bonds of the Kekulè form may be respectively extracted from ethylene and ethane, or from all-trans hexatriene and hexadiene. As expected, the calculated stabilization is strongly reduced when the bond lengths are extracted from the longer acyclic fragments. Both sets of RE values suggest that carbo-benzene is slightly less (cyclically) delocalized than benzene. However, the D 3h structures are as cyclic as the equilibrium benzene structure, and the Dewar-Mulliken-Parr stabilization energy surely underestimates the stabilization resulting from the cyclicity of the electron delocalization. Several cyclizing ASE schemes have been introduced in the literature to estimate the corresponding energetic topological aromaticity. Their relevance increases with the conservation of local atomic environments (bond types, hybridization state, conjugation extent). They are illustrated for benzene by reference to acyclic fragments ranging from ethylene to 1,3,5-hexatriene (Fig. 9 ). In the isogyric scheme, H 2 molecules, and thus troublesome H-H bonds, are required to equilibrate the reaction scheme. In the isodesmic scheme introduced by Hehre et al. [27] , both sides of the equation include the same number of bonds of given order between elements. The homodesmotic scheme [28] , involving the same number of bonds of given order between elements of given hybridization states on each side of the equation, provides a better approach to the cyclicity stabilization value. The hyper-homodesmotic scheme involving the same number of bonds of given substitution pattern on each side of the equation [29] is supposed to give an even more reliable estimate of the energetic aromaticity. If n denotes the ratio to 3 (i.e., the number of formal double bonds in benzene) of the number of double bonds in the left-hand side alkene, the ASE schemes (Fig. 9) can be regarded as the first representatives (for n = 1/3, 2/3, 1, respectively), of a general class of cyclizing "n-isoconjodesmic" reactions. The conservation of the bond types and of the delocalization (spatial) extent increases with n (the latter extent is infinite in the fully unsaturated ring). Along this line, the two Dewar-Mulliken-Parr schemes proposed above for benzene and carbo-benzene (Fig. 8) could be regarded as examples (for n = 1/3, 1) of noncyclizing "n-isoconjodesmic" schemes.
The homodesmotic scheme affords ∆E(C 6 H 6 ) = -23.5 kcal mol -1 at the B3PW91/6-31G** level (Fig. 10) , which is close to the value of -19.5 kcal mol -1 reported by Schleyer et al. at a comparable level of calculation (B3LYP/6-31G*) [30] . The corresponding equation for carbo-benzene is defined by replacing each reactant and product for its skeleton carbo-mer (Fig. 10) . The ASE calculated at the B3PW91/6-31G** level is found to be merely 40 % less negative than for benzene [∆E(C 18 H 6 ) = -14.1 kcal mol -1 ] . Carbo-benzene is, therefore, less energetically aromatic than benzene. The isogyric equations of Fig. 11 directly compare the C 6 (resp. C 18 ) π-electron ring with the same, but acyclic, C 6 (resp. C 18 ) π-electron chain. Since a ring closure turns on the possibility of a ring current, and since the diatropicity of aromatic molecules is mainly due to their π-electrons, this isogyric equation is expected to be closely related to the magnetic criterion of aromaticity. At the B3PW91/6-31G** level, the isogyric ASE is equal to -17.9 kcal mol -1 for benzene, and to -11.2 kcal mol -1 for carbo-benzene. It is, however, noteworthy that the acyclic structures are taken in their most stable all-trans conformation, and that this ASE scheme thus underestimates the pure topological cyclicity effect.
In accordance with Shaik's theory [31] , the isogyric ASEs of Fig. 11 explicitly refer to both the π-and σ-electron systems. However, the σ-electrons of the H-H bond on the right-hand side are isolated, while the "same" electrons in the C-H bonds on the left-hand side are "conjugated" with further C-C and C-H bonds. The devised merit of this isogyric scheme (ring closure = turn on) must, therefore, be restored by considering the π-electron system separately. This can be achieved within the framework of the topological Hückel molecular orbital (HMO) theory, the semi-empirical parameter (β) of the benzene molecule serving to define a fictitious reference 1,3,5-hexatriene π-system. Within the HMO framework, Breslow defined the resonance energy of benzene as: E π (benzene) -E π (1,3,5-hexatriene) [32] . This definition generalized to any [N]annulenic species reads: BRE = 2β[∑n k cos(2kπ/N) -∑n' k cos(kπ/(N + 1)], where β is an average C-C resonance integral; n k and n' k are the numbers of electrons occupying the k th π-MO in the ground states of the [N]annulenic and corresponding N-polyenic species, respectively (∑n k = ∑n' k = N -q, where q is the total charge; if q = 0, the first sum, namely the annulene π-energy, is equal to: 4β/sin(π/N) [33] ). This formula also holds for any dehydro[N]annulene as soon as the sp-sp and sp-sp 2 resonance integrals can be averaged. This was found to be possible for carbo-annulenes, since DFT and Hartree-Fock (HF) π-MO levels accurately vary as cos(2kπ/N) [34] . It was also incidentally observed that the extracted β values vary with the annulene size as: β = β ∞ N/(N + 2), where β ∞ = cste. Consequently, the "spectroscopic" proportionality factors β can be renormalized to "thermochemical" values (by setting β ∞ = -20 kcal mol -1 ), thus allowing for a direct comparison of the BRE with the ASE. The cases N = 6 and N = 18, finally lead to BRE(C 6 H 6 ) = -15.2 kcal mol -1 and BRE(C 18 H 6 ) = -14.8 kcal mol -1 , respectively. These results confirm that carbo-benzene is slightly less energetically aromatic than benzene.
The relative energetic and structural aromaticities of benzene and carbo-benzene, as respectively measured by the ELF πz and RE/ASE indices, are thus fully consistent. They are indeed supposed to reveal the same kind of aromaticity in the static (classical) context (Table 1) 
Carbo-[N]annulenic species, N ≠ 6
Beyond carbo-benzene, the aromaticity of a complete set of carbo- [N] annulenic species [(C 3 H) N ] q has been addressed in their singlet spin state for (N, q) = (3, -1), (4, 0), (5, +1), and in their triplet state for (N, q) = (4, 0). Figure 12 compares various aromaticity measures of [N]annulenes and their ring carbomers (N = 3-6) from optimized geometries at the B3PW91/6-31G** level [34, 35] . The experimentally unknown carbo-cyclopentadienyl cation [16b] possesses virtually the same NICS and Breslow resonance energy (BRE) values as carbo-benzene. The σ(d) value of the ring is also indicative of a similar structural aromaticity for both molecules. The BRE of singlet carbo-cyclobutadiene, though negative, is three times smaller (-5.8 kcal mol -1 ) than it is for 4n+2-aromatic annulenic and carbo-annulenic species, and its central NICS value (+53.8 ppm) reveals a strong paratropic ring current. In contrast, triplet carbo-cyclobutadiene possesses all the features of a totally aromatic molecule. Finally, the carbo-cyclopropenyl anion appears strongly aromatic with the same NICS and BRE values as its parent cyclopropenyl cation. All these results are in qualitative agreement with the Hückel rule for the π z -electron system. It was also confirmed that the in-plane π xy -electron systems play a minor role.
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Carbo k -[N]radialenes: Aromaticity and electron affinity
The starting point of this study was the experimental observation by Diederich et al. that hexakis(trimethylsilyl) perethynyl derivatives of doubly expanded [4]-and [6] radialenes possess low reduction potentials [36] . An enhanced aromaticity was therefore envisioned for the anions. The geometry and the central NICS of [carbo k - [3] radialenes] q (k = 0, 1, 2, q = 0, -1, -2) in their singlet or doublet spin state were calculated at the B3PW91/6-31G** and B3PW91/6-31+G** level, respectively (Fig. 13 ) [37] . The rings of all structures were found to be planar with a symmetry close to D 3h . The central NICS values become more negative upon reduction, except for the mono-anionic carbo- [3] radialene (NICS = +4.0 ppm), which also displays a reduced C 2v symmetry. While expanded [3] radialenes are known [38] , it is only very recently that a carbo- [3] radialene, the hexamethyl derivative, could be experimentally isolated by Tykwinski et al. [39] . Complete structural/electrochemical analysis might thus confirm or qualify the theoretically predicted peculiar behavior of this molecule. It is noteworthy that peripheral hexa-ethynyl substitution of the carbo- [3] radialene core (previously studied by Schaeffer III et al. at the HF level [40] ), has been predicted to restore the aromatic character of the mono-anion [37] .
In the carbo 2 -[3]radialenic series, the enhanced aromaticity of the anions and dianions is correlated with the low experimental reduction potentials of the neutral species.
The ELF-weighting of the resonance forms of carbo k - [3] radialenic species is consistent with atom-in-molecule (AIM) atomic charges and spin densities. It was used to define a formal average number of endocyclic paired π z -electrons, the EHN. It was incidentally observed that the closer to a 4m+2 integer the EHN value, the more negative the NICS value. Indeed, from the ELF populations, [3] radialene may be described by two resonance forms (Fig. 14) , the major one (60 %) with all-exocyclic π z -electron pairs, and the minor form accounting for some endocyclic delocalization of π z electrons.
The unexpectedly high weight of the latter form may be partly consistent with the negative NICS(0) value, and with other assessments about the energetic aromaticity of [3] radialene [41] . Upon reduction, the "aromatic" radical forms become the leading ones, in agreement with the still more negative central NICS value: The EHN indeed increases from 0.8 in the neutral [3] radialene to 1.3 in its mono-anion. Likewise, upon mono-reduction of carbo- [3] radialene, the EHN increases from 7.2 to 7.5, drawing nearer to 8, the integral occupation number of the π z -MOs for a formally antiaromatic compound: this is in agreement with the corresponding algebraic increase of NICS up to a positive value (+4.0 ppm).
These qualitative illustrations of the heuristic relevance of the EHN are supported by a systematical correlation between EHN, NICS, and σ(d) over a large set of carbo k -radialenic species [37] . It must be stressed that for closed π-electron ring systems (e.g., annulenes and their carbo-mers), the EHN is strictly equal to the integral orbital Hückel number; it can, however, be relevant not only for radially conjugated systems like carbo k -radialenes, but also for condensed polycyclic systems. It has been recently used to consistently analyze the aromaticity of carbo- [3] oxocarbon and one of its tetracyclic tricyclopropabenzenic valence isomers [42] .
Ring carbo-mers of second generation: Carbo 2 -benzene and its hexaphenyl derivative
The second generation of ring carbo-mers is more documented through many examples of expanded pericyclynes in the hydrocarbon [43] and functional [44, 45] series. Second ring carbo-mers of radialenes are also known [46] , and were studied at the theoretical level (see above). The second carbo-merization process is here applied to the benzene ring. Preliminary DFT calculations first showed that unsubstituted carbo 2 -benzene is magnetically and structurally as aromatic as carbo-benzene. These results prompted us to undertake an experimental realization (Fig. 15) .
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Ring carbo-mers 803 Hexaphenyl-carbo 2 -benzene 11 was targeted through reductive aromatization of the expanded hexaoxy- [6] pericyclyne precursor 12. The latter could be obtained in seven steps by sequential oxidative couplings of terminal alkynes through the intermediates 13-18 (Experimental section). The ring formation step from tetrayne 18 also afforded the expanded [4]pericyclyne 19 as the major product (as in the ethynyl-substituted version described by Diederich et al. [45] ), along with small amounts of the expanded [8]pericyclyne 20 (Fig. 15) . Treatment of 12 with the SnCl 2 /HCl system successfully used for preparing first ring carbo-mers of benzenes 4-10, did not allow for isolating-and even detecting-11 under preparative conditions. In order to avoid evaporation of the solvent that was suspected to trigger decomposition, the aromatization was in situ monitored by 1 in a turquoise blue solution (Fig. 16) . NMR analysis at 278 K revealed the appearance of a set of three coupled protons at very low field. Decoupling experiments and multiplicity analysis allowed for the assignment of resonances at 10.17, 8.39, and 8.08 ppm to the ortho, meta, and para protons of the equivalent phenyl substituents at the carbo 2 -benzene ring, respectively. The ring current effect is thus ca. +0.5 ppm stronger in 11 than in the lower ring-carbo-mer 4, where the corresponding protons resonate at 9.45, 8.38, and 7.72 ppm, respectively. The UV-vis spectrum of the blue solution containing 11 displays an intense absorbtion band at λ max = 609 nm. In comparison, diluted orange solutions of 4 give λ max = 472 nm: the electron delocalization thus appear to be more extended in 11 than it is in 4. In order to get interpretation of this feature, the structures of 4 and 11 were calculated at the B3PW91/6-31G** level. While the phenyl substituents of 4 are tilted from the planar C 18 ring by 18.6°in average (13°in the X-ray crystal structure reported by Ueda, Kuwatani et al. [20b] ), the calculated structure of 11 is perfectly planar with a D 6h symmetry (Fig. 16) . Radial conjugation in 4 is indeed hindered by van der Waals repulsion between adjacent phenyl rings. The distance between adjacent phenyl rings is much larger in 11, and radial conjugation from the central ring is restored. Therefore, the extended delocalization in 11, as revealed by the UV-vis bathochromic shift, is not only due to the increased size of the central ring (C 30 ), but also to the overall planarity. This experimental shift (∆ exp = 137 nm) is qualitatively reproduced by Zindo calculations (∆ calcd = 107 nm).
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CONCLUSION
The carbo-mer principle proposes novel aromatic structures which are to be compared to their parent structures. It thus proposes to analyze aromaticity of cyclically unsaturated molecules vs. size and carbon content features. The wealth of the carbo-mer concept in the field of aromaticity has been illustrated by several representative examples, but it has been already generalized to other systems such as heterocycles [47] , oxocarbons [42] , fullerenes [48] , and carbon nanotubes [18] . The definition also stimulates novel investigations of the aromaticity concept itself using both theoretical modeling and experimental synthesis. The first carbo-meric comparison between the hexaphenyl derivatives of the carbo 2 -and carbo 1 -benzene rings-which can be extended to the zero order through the known hexaphenylbenzene-unveils a new prospect. Synthesis of a possibly more stable carbo 2 -benzenic molecule is currently being attempted through the hexa(p-anisyl)-carbo 2 -benzene target [49] . The preliminary results give new insights into the upper threshold of the Hückel rule: The "4n+2" orbital occupancy criterion of aromaticity might thus remain valid up to n = 7 for highly symmetrical π-systems such as the carbo 2 -benzene ring. The third carbo-meric generation of the benzene ring (a C 42 ring) now deserves theoretical investigations. Finally, speculations might be extended to the fourth carbo-meric generation: The carbo 4 -benzene ring (a C 54 ring) would be the carbo-mer of the carbo-mer of benzene, and testing of the recurrent carbo-meric principle is at least intellectually attractive.
EXPERIMENTAL General
All reactions were carried out under nitrogen or argon atmosphere, using Schlenk and vacuum line technics. Tetrahydrofuran (THF) and diethylether were dried and distilled over sodium/benzophenone, pentane, and dichloromethane over P 2 O 5 . Commercial solutions of EtMgBr and HC≡CMgBr are 3 M in diethylether and 0.5 M in THF, respectively. Commercial solutions of n-BuLi are 1.6 or 2.5 M in hexane, and their effective concentration were checked by titration with 2,2,2'-trimethylpropionanilide before use [50] . IR, 1 H, and 13 C NMR spectra were recorded in CDCl 3 solutions, at 250 and 62 MHz, respectively, for the latters, unless otherwise noted. IR absorption frequencies ν are in cm -1 . NMR chemical shifts δ are in ppm, with positive values to high frequency relative to the tetramethylsilane reference. For MS analyses, the following abreviations are adopted: DCI: desorption chemical ionization; APCI: atmospheric pressure chemical ionization; FAB: fast atom bombardment; MNBA: m-nitrobenzylic alcohol (matrix).
3-(Triethylsilyl)-1-phenylprop-2-yn-1-ol (13)
EtMgBr solution (8.33 mL, 25 mmol) was syringed into a solution of triethylsilylacetylene (3.543 g, 25 mmol) in THF (60 mL) at 0°C. The mixture was stirred for 30 min at 0°C, and then for 1 h at r.t. After cooling back to 0°C, benzaldehyde (2.55 mL, 25 mmol) was added, and stirring was continued for 20 min at 0°C, and then for 2.5 h at r.t. The reaction mixture was then treated with saturated aqueous NH 4 Cl (60 mL) and diluted with Et 2 O (20 mL). The organic layer was separated and washed with additional aqueous NH 4 Cl (3 × 60 mL). The aqueous phases were washed with Et 2 O (2 × 30 mL), and the combined organic phases were dried over MgSO 4 , filtered, and concentrated under reduced pressure. Chromatography of the residue over silica gel (heptane: 13 1,6,11,16-Tetramethoxy-1,6,11,16-tetraphenylcycloeicosa-2,4,7,9,12,14,17,19-octayne  (19), 1,6,11,16,21,26-hexamethoxy-1,6,11,16,21,26-hexaphenylcyclotriaconta-2,4,7,9,12,14,17,19,22,24,27,29-dodecayne (12), and 1,6,11,16,21,26,31,36-octamethoxy-1,6,11,16,21,26,31,36-octaphenylcyclotetraconta-2,4,7,9,  12,14,17,19,22,24,27,29,32,34,37,39-hexadecayne (20) To a solution of 18 (0.56 g, 1.66 mmol) in a 1:1 mixture of DMF and pyridine (200 mL) was added Cu(OAc) 2 (4.81 g, 26.5 mmol) and CuCl (1.97 g, 19.9 mmol). The mixture was stirred for 16 h at r.t., then for 48 h at 60-65°C, and finally concentrated under reduced pressure at 60°C and diluted with chloroform (60 mL). After extraction with 20 % aqueous HCl (3 × 60 mL) and saturated aqueous NH 4 Cl (2 × 60 mL), the aqueous phases were washed with Et 2 O (2 × 60 mL), and the combined or-C. ZOU et al.
